First of all, we investigate whether the transformation of Lemaître inevitably leads from the static de Sitter cosmos to an expanding cosmos. A Lorentz transformation which can be assigned to the Lemaître transformation results in a frame of reference that moves relatively to the static dS system. Because of the homogeneity of space, this applies to every point in the space which does not itself undergo any change. We interpret the "expansion" of the cosmos Milne-like. It is not the space that expands, but the mesh of the Lemaître coordinate system. The velocity parameter of the associated Lorentz transformation is geometrically based and shows that the joined observer systems are moving in free fall. We also discuss the question of whether the speed of light for free-falling observers in the universe can be reached or can be exceeded, respectively. We raise the question of whether the model can be extended in such a way that the motions take place with a velocity that is lower than the one of the free fall. We believe that the method we have derived can be generalized to models with genuine expansion.
Introduction
We want to discuss the question of whether a cosmological model is possible which expands at a rate lower than the one of free fall. Before we elaborate a procedure that may be universally valid, we examine the problem for the Sitter cosmos.
In Section 2, we give a short overview of the Sitter cosmos. We critically review the usual interpretation of the static and expanding versions of the dS cosmos. We assume that space does not expand, but that a family of observers moves in such a way that their members diverge. It is also pointed out that the recession velocity on the cosmic horizon can only reach the speed of light R. Burghardt asymptotically. Since superluminal velocities are excluded, the dS model fulfills the basic laws of special and general relativity. Galactic island formation cannot occur.
In Section 3, we generalize the model. We implement a family of observers that moves at a speed less than the one of free fall. We accomplish this with the double-velocity approach, subtracting relativistically two velocities from one another. As a result of this generalization, acceleration of the recession velocity is possible. With a new parameter, one can manipulate the calculated redshift.
In Section 4, we examine the field equations of the generalized model with the result that the extension of the dS model is an exact solution of the field equations.
In Section 5, we specify the additional part of the recession velocity and thus we gain more insight into the geometric structure of the model.
In Section 6, we also discuss the possibility of a coordinate transformation accompanying the accelerated observers.
Basics of the de Sitter Cosmos
The metric of the dS cosmos in the static version is mostly written down in the canonical form (  )   2  2  2  2  2  2  2  2  2  2 R being the radius of the pseudo-hypersphere representing the dS cosmos.
With the relations The latter notation indicates that the dS metric is the metric on a pseudo-hyper sphere of constant radius R . In particular, the coordinate time inter-
is the arc element of an open pseudo-circle (hyperbola of constant curvature) on the pseudo-hyper sphere extending to infinity. d d R T a t = is the proper time of an observer being at rest in the cosmos.
Lemaître [1] It applies to all observers of the system and is also called cosmic time.
We note here that a coordinate transformation can neither change the physical content of a theory nor the geometric structure of space. For example, if one introduces a rotating coordinate system, the space will certainly not rotate, but the description of a fact is more complicated. Even a helical coordinate system does not lead to any querying of the space. Thus, (1.7) describes by no means an expanding space but a coordinate system whose meshes enlarge.
At this point, a note about the curvature parameter k is appropriate. From the canonical form of (1.1) we read off 1 k = which stands for a positively curved, closed space-an unquestionable conclusion. The dS cosmos is based on a pseudo-hyper sphere. From the metric (1.7) can be read 0 k = . In [2] we have discussed in detail that a line element with 0 k = need not to indicate a flat infinite space. In addition, it is not clear how a closed, finite space can be transformed into a flat infinite space by a coordinate transformation. A metric with 0 k = is usually described with the help of a coordinate system that is related to free fall. To deepen that, we assign a Lorentz transformation to the coordinate transformation.
With (1.7) and with , and using the 4-beine 
we establish the matrices of the coordinate transformation
We determine the Lorentz transformation with
and we obtain Einstein's elevator principle [2] , it can be expected that the force 1 U will no longer occur in the freely falling system. Instead tidal forces are to be expected. In fact, the relation
is obtained from the inhomogeneous transformation law of the Ricci-rotation coefficients. Furthermore, the spatial part of the lateral field quantities [2] obtains a flat form 13) and as the 4th components one gets the tidal forces. Freely falling observers do not feel the acceleration of their system, they experience the space to be flat [2] . With the question of how observers behave at the horizon, we want to occupy ourselves in detail. First of all, we follow the path customary in cosmology. For the change of the radial coordinate we obtain with 1 R r a ∂ = ∂ and with (1.11)
Thus, one has |4' R r iv = − , and with 4'
With (1.6) we find the relation between the comoving and non-comoving radial coordinates However, we doubt that a drifting galaxy in the cosmos can really reach the speed of light. This would violate the laws of special relativity. Therefore, we examine the behavior of an observer when approaching the cosmic horizon more closely. Now we write (1.15) as
Therein ' T is the proper time of the comoving observer. We face the region in front of the cosmic horizon. We calculate the time that passes if an observer approaches the horizon or if he possibly reaches the horizon.
Thus, we integrate (1.18) in the interval mentioned
The time function obtained we have plotted in Figure 1 . It can be seen that an observer A, who starts at 0 r = and travels the whole distance from 0 r = to r = R needs an infinite amount of time to get infinitely close to the cosmic horizon. Drifting observers in the cosmos neither exceed the velocity of light nor do they even reach it.
A second observer B, released anywhere in the considered interval, reaches the horizon of A in finite time, but at a speed that is respectively lower than that of A. Since all points on a sphere are equal, any observer will call his starting point a pole. When the observer B leaves his pole, he travels through the horizon of A with subluminal speed and he reaches his individual equator, i.e., he reaches his horizon only asymptotically. The equator of B lies beyond the equator of A.
In an earlier paper [3] we have extended the dS cosmos to a genuine expanding model by giving up the condition const . = R , i.e., allowing an expansion of the pseudo-hyper sphere. In this case, the observer's motion described above is related to expansion and is responsible for the recession velocity of the galaxies.
In the subluminal model we have proposed this velocity is also geometrically defined. We can access the same formulae as above and we get the results discussed. Even in a generalized expanding model, the speed of light is the unattainable barrier to any motion of galaxies. whether the recession velocity of the galaxies is due to an expansion of space or whether is a motion in the static space in the sense of Milne.
We have extensively dealt with the transformation of coordinate systems into reference systems in the dS family in the papers [7] [8] [9] . In particular, the paper of Florides [10] should be pointed out.
The Generalized de Sitter Model
We raise the question of whether the expansion of a cosmos can take place at a lower speed than that of free fall. We simplify the problem by studying it in the dS cosmos. We start with its static form. We define a motion by relativistically subtracting a second velocity from the velocity of free fall. 1 The papers of Melia are listed in [3] . To formulate the problem we use the formula apparatus of the special relativity theory for relative velocities. We use the Lorentz transformations 
together with the Lorentz relations
The analytic form of the new speed cannot be chosen arbitrarily. All quantities which contain E v must satisfy Einstein's field equations and the conservation law. Furthermore, we expect that in case of reduced recession velocity radial repulsive forces in the comoving system still occur, but with lower strength than those in the freely falling system. Furthermore, we expect tidal forces. The latter are easy to derive and they give first useful hints for the ansatz of the velocity E v .
In addition, we convince ourselves that the recession velocity is relativistically defined. For the dS coordinate r applies 
In the dS cosmos is
and for the comoving system one has
On the other hand, one obtains from
The recession velocity fits the basic structure of the special theory of relativity.
To calculate the new field quantities, we need the inhomogeneous transforma- 
With this we recognize that the radial part and the timelike part of these quantities no longer appear to be flat, as it was the case for the freely falling The inhomogeneous transformation law of the Ricci-rotation coefficients 
With (2.11), (2.12), and (2.1) we calculate
With the help of the relation
First, we determine the first terms of these relations. In analogy to (1.14) we now have
With (2.10) and (2.13) on hand we obtain ( )
We take the value for 4' 'U from (2.10) and after some calculation we get
Furthermore, we require that the quantity E v in the comoving system is time independent, so that we finally obtain
Now we are also able to clearly present the Lorentz term
and also with
The components G and l are assigned to the changes of R v and E v , respectively.
Now we can continue with (2.13)
Finally, we have with (2.5)
It can be seen that, in contrast to the "free falling" observer (1.12), radial forces 
acting repulsively. At the same time tidal forces occur. With (2.11) we have obtained this quantity from the non-comoving system by an inhomogeneous transformation law. But since the field quantities of the freely falling system are also known, we can derive (2.19) from this system as well.
The inhomogeneous transformation law for
leads to the simple expression
which we have already worked out on the way to (2.17). But now we can give a better justification. We write (1.12) as
and finally we have recovered the quantity (2.19) with
We have deduced all field quantities which we need for the generalized version of the dS model.
The Field Equations of the Generalized dS Model
The ansatz introduced in the last Section for a double-velocity model as a generalization of the dS model can only be justified if the field quantities obtained satisfy Einstein's field equations. For verification, we have to process the quantities
With these quantities and the unit vectors
the Riccitensor and Ricci scalar take the form 
which allow a clear representation of the field equations. The subequations of (3.3) describe the curvatures in the radial and lateral slices of the dS space, as viewed by the comoving observers. Therefore we solve the subequations of Einstein's field equations separately ( ) With this we get for the Ricci-quantities
From the last relation we get for the components of the stress-energy-momentum tensor and the equation of state 
More about the Velocities
While the velocity R v r = R is geometrically determined, we do not so far have knowledge of the second part of the recession velocity. We only know the change from E v which we have determined as a general feature of the model.
We have succeeded in establishing plausible field quantities which fulfill Einstein's field equations and which lead to the familiar expressions for the pressure and the density of matter in the cosmos. Now we will examine whether an analytic expression can be found which is compatible with all relations of Section 4 and provides a deeper insight into the geometric structures of the model.
'R is a new time-dependent parameter and we notice the analogy with the de- For the recession velocity of the galaxies we then have 
is well-matched with Equation (2.6) and (4.1). Following (4.1) we write
Since (2.14) has already been calculated, we only need to know more about the
which we obtain by equating (4.4) with (4.5). After some calculation and repeated use of (2.3)-(2.5) we get
We recognize that the 4th component of this quantity has already arisen as 4' 'U . Applying again the Lorentz relations leads to
The second relation (4.7) contains the already known expression ' 8) i.e., in the same way as in (2.14). The inhomogeneous transformation law of the Ricci-rotation coefficients can be simplified with the quantities (2.17) and (2.18), if one considers (4.1)
One should note the analogy of the quantities G and l.
Coordinate Transformations
The model described above was carried out in the tetrad calculus. A resort to a coordinate system was only necessary when basic mathematical operations had to be performed. For this, the static dS coordinate system was sufficient. Cosmologists, however, are trying to find coordinate systems for both the comoving and the non-comoving frames of reference. We want to investigate whether coordinate systems exist for all states of motion and also transformations between them. The reader who is only interested in the general structure of the model can skip this section.
Coordinate systems have been known for the static and the fictitious comov-R. Burghardt ing systems since de Sitter and Lemaître. The question is, however, whether there is not only a frame of reference for the physical comoving system, but also a coordinate system.
To get closer to the problem, let us start with the static dS system 1  2  3  4  2  2  1  2  3  4 , , sin where r is the non-comoving and " r is the comoving radial coordinate and K the scale factor. From (5.2) it can be seen that the coordinate time and the proper time of the drifting observers coincide ( " " t T = ). " T is the cosmic time common to all drifting observers.
The coordinate transformation between the two systems has been given in (2.9) 2 and the associated Lorentz transformation in (1.11). Since the Lorentz transformation to the physical system is known as (2.1), we first transform the static system (5.1) into the physically comoving system while maintaining the static coordinates 
The primes on the indices of Section 2 are now to be replaced by double primes.
R. Burghardt velocity of the galaxies compared to those of the "free fall" and thus to manipulate the calculated values for the redshift. This could allow a better adjustment to the observed values.
In the next step, by dropping the relation const . = R , we want to examine a genuine expanding model with these methods. We hope to publish this elsewhere.
